Cadmium (Cd) is a major environmental hazard, which usually is detected in its ionic form of Cd 2+ . It also causes adverse toxic effects on human health and other living organisms. Cd-resistant bacteria were isolated from Cd-contaminated soils. One isolate, TAK1, was highly resistance level to Cd toxicity. TAK1
INTRODUCTION
Cadmium (Cd), classified as a heavy metal, is widely distributed in the earth's crust. It is commonly regarded as a pollutant of worldwide concern (1, 16) .
High Cd concentration in soil is more commonly found in areas containing deposits of zinc, lead and copper ores. Weathering results in the riverine transport of Cd into the oceans and represents a major flux of the global Cd cycle. Cd has been intentionally and accidentally released into the environment by industrial and agricultural activities, causing serious environmental problems. The activities involved in the mining, production and consumption of Cd and other nonferrous metals results in the release of significant quantities of Cd into the environment (15) . In addition, the intensive application of phosphate fertilizers in the agricultural areas increased the level of Cd accumulation in soils (22, 34, 35) .
Discharge of Cd into the environment causes direct and 
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Responses against cadmium and zinc toxicity in bacteria indirect effects on microorganisms. Cd is well-known for being highly toxic to soil microorganisms even at very low concentrations. Cd can enter the cell through divalent cation uptake systems (Zn 2+ , Ca
2+
, Mn 2+ ) (25) . The effects of Cd exposure have been investigated in many microorganisms (4, 31) . Cd has been reported in field studies to be responsible for changes in species composition in microbial populations (16) . However, trace amounts of some metals such as Zn, Co and Ni are essential for microbial metabolic pathways. When the concentration of these essential metals exceeds the required amount, they become highly toxic to microorganisms (23) . The exposure of microorganisms to excessive concentrations of metals adversely affects their growth, morphology and biochemical activity (8, 14, 18, 30) .
Microorganisms have several resistant mechanisms that can prevent heavy metal toxicity either by inducing development of tolerance or resistance. The general heavy metal resistance mechanisms are an active metal efflux, synthesis of metal-binding peptides, proteins or polysaccharides such as metallothioneins, extracellular polymeric substance (EPS) and the increasing of detoxification enzymes expression (13) . Heavy metal resistance is known to occur in many bacterial genera.
Bacteria use various types of resistance mechanisms in response to heavy metal toxicity.
In heavy metal contaminated sites, soil bacteria are usually exposed to heavy metals resulting in the establishment of heavy metal-resistant bacterial populations (11, 27) . Heavy metals are able to induce increased resistance levels in soil bacteria and modify bacterial responses to environmental conditions either by inducing mutations or by altering physiological responses (38) . Generally, exposure of bacteria to a low dose of one stress can induce a subsequent increase in resistance to the same (adaptive) or unrelated (cross protection) stress (20 
MATERIALS AND METHODS

Soil sampling and analysis of Cd concentration in contaminated soil
Five composite soil samples were collected from the top 
Isolation and identification of Cd-resistant bacteria
Cd-resistant bacteria were counted and isolated by using a modification of the plate sensitivity assay described previously by Delaunay et al. (9) . Briefly, serial 10-fold dilutions of soil suspensions were plated onto minimal salt rDNA sequence of selected bacterial isolate was analyzed by using BLAST program (2) from NCBI database.
Bacterial growth condition
All bacterial strains were maintained on tryptic soy agar 
Statistical analysis
All experiments were independently repeated at least three times. The significance of the differences observed when comparing two strains was determined statistically using Student's t-test, one-way analysis of variance (ANOVA). The posthoc pairwise comparison with a least significant difference test at p ≤ 0.05 was used when more than two strains were compared.
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Responses against cadmium and zinc toxicity in bacteria The levels of Cd resistance in soil bacteria
RESULTS
Cd
The resistance levels against Cd toxicity were determined in the exponential-phase cultures of the six bacterial isolates using the growth inhibition zone assay. The result clearly revealed that the TAK1 isolated from soil sample at sampling site 1 was highly resistant to 3M CdCl 2 toxicity (clear zone diameter 13.8 mm) as compared to other isolates. This result implied that bacteria isolated from highly Cd-contaminated soil exhibited higher Cd resistance levels than bacteria isolated from uncontaminated soil. Some Cd-resistant bacterial strains increase resistance under higher levels of Cd toxicity because Cd could induce the alteration in the bacterial response or resistance mechanisms.
From the morphological study, the TAK1 is Gram-negative and short-rod shape. Its colony on TSA plate was creamcolored, smooth, rounded-margin and butyrous or viscid. The colony diameter was 4-5 mm after incubation for 24 h. Using 16S rDNA sequencing, the Cd-resistant bacterium, the TAK1, showed 96% similarity to Ralstonia sp. from GenBank database accession number AB167178. Thus, the isolate TAK1 could be identified as Ralstonia sp. 
Cd-induced adaptive and cross-protective responses to Cd
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Responses against cadmium and zinc toxicity in bacteria As stated by Castro-Silva et al. (7) , bacteria isolated from the coal mining environment exhibited the highly resistant to
Ni and Zn but they were not resist to Cd. Normally, resistance to Cd is more prevalent in Gram-negative bacteria than Gram-positive bacteria. Thus, most bacteria isolated from metal-contaminated arable soils are Gram-negative (27) . 
